As the treatment landscape for advanced melanoma continues to evolve, it is critical to focus on unmet needs and understand the cost of therapy. While Ipilimumab (IPI), an immunotherapy indicated for unresectable advanced melanoma, has been a mainstay of 1 st -line treatment, there was no standard of care following progression until recently. The objective of this study was to ex- 
Introduction
Melanoma is a malignancy of melanocytes, and although it accounts for less than 2% of all skin cancers, it is responsible for the overwhelming majority of skin cancer-related deaths [1] . In the U.S., melanoma is the fifth leading cancer among men and seventh among women, and caused an estimated 9940 deaths in 2015 [1] . Melanoma is associated with excessive exposure to sunlight (i.e., ultraviolet radiation), and its main risk factors are a personal or family history of the disease and the presence of atypical, large, or numerous (>50) moles. Diagnostic characteristics of a melanoma lesion include asymmetrical shape, irregular border, variable color, and a diameter greater than 6 millimeters. The treatment landscape for advanced melanoma has dramatically evolved since the 2011 U.S. Food and Drug Administration (FDA) approval of Ipilimumab (IPI), an anti-CTLA-4 immunotherapy for the treatment of unresectable or metastatic melanoma [2] . Approval of IPI was based on clinical trial findings that compared IPI with glycoprotein 100, demonstrating a significant improvement in overall survival in patients with previously treated metastatic melanoma (Kaplan-Meier estimated survival rates were 46% vs. 25% at 1 year and 24% vs. 14% at 2 years) [3] . A pooled analysis of 12 prospective and retrospective studies indicated that the overall survival rate among patients treated with IPI was 17% at 7 years with no further deaths to a maximum follow-up of 9.9 years [4] .
IPI has been a mainstay of first-line treatment, but an increasing number of treatment options, such as vemurafenib, dabrafenib, trametinib, pembrolizumab, and nivolumab, approved for treatment of patients with metastatic melanoma, have since become available. Despite this changing treatment landscape and output from numerous clinical trials, few studies have focused on real-world treatment patterns. One study examined treatment patterns in metastatic melanoma patients between 2005 and 2010 (prior to the approval of IPI), and found that only 38.7% of patients received systemic therapy following diagnosis [5] . Additionally, a review article published in 2013 stressed that although there are a number of novel therapies available, these treatments are not without their limitations including some patients who will not benefit [6] . Thus there is a need to understand the post-IPI setting.
An estimated $2.36 billion was spent in the U.S. for the treatment of melanoma in 2010, which is expected to increase to $3.16 billion in 2020, assuming flat incidence and survival trends [7] . However, the treatment cost has increased due to the rising expenditures and extended survival offered by newly approved agents. Assuming a 2% annual cost increase in all phases of care, the burden of melanoma will rise to $4.6 billion in 2020 [6] . While melanoma has low initial costs, the cost of treating advanced melanoma is substantial. A previous realworld analysis of patients with advanced (stage IV) melanoma reported mean Per-Patient Per-Month (PPPM) all-cause total healthcare costs of $24,844 following diagnosis of metastatic melanoma [8] ; however, little is known about the healthcare costs following the use of IPI. With the increased rate of melanoma and the rising costs, it has become even more critical to focus on unmet needs and understand the associated cost of treatment.
The objective of this study was to use administrative claims data to examine real-world treatment patterns and healthcare costs following IPI use in patients with advanced melanoma.
Materials and Methods
De-identified U.S. administrative claims data from the Truven Health Analytics MarketScan ® Commercial Claims and Encounters and Medicare Supplemental Databases from 2011-2013 were used with follow-up through September 30, 2013. These databases contain inpatient medical, outpatient medical, and outpatient prescription drug data for individuals with employer-sponsored primary or Medicare supplemental insurance. In 2012, the MarketScan Commercial Claims and Encounters Database contained the inpatient, outpatient, and outpatient prescription drug experience of approximately 31.3 million employees and their dependents. The MarketScan Medicare Supplemental and Coordination of Benefits (COB) Database contained the healthcare experience of approximately 3.1 million retirees with Medicare supplemental insurance paid for by employers. As a retrospective, administrative claims database study, informed consent and ethics committee review were not required.
Study Design and Patient Selection Criteria
This study used a retrospective, observational cohort design (Figure 1) . Patients selected for this study were required to have a diagnosis of a secondary malignant neoplasm (ICD-9-CM diagnosis codes 196.xx, 197.xx, 198.xx) on ≥1 non-diagnostic medical claim occurring between April 1, 2011 and September 30, 2013 (the secondary malignant neoplasm date corresponded to the earliest claim for a secondary malignant neoplasm during this period). For patients with stage III disease, a diagnosis of melanoma (ICD-9-CM diagnosis codes 172.xx) on ≥1 inpatient or ≥2 non-diagnostic outpatient medical claims (on different days) occurring in the 180 days before the secondary malignant neoplasm date was required. Patients were defined as having stage IV disease if they met the above criteria and additionally presented with a claim for a skin biopsy or removal of skin lesion procedure in the 180 days before their secondary malignant neoplasm date with a diagnosis of melanoma on any inpatient or outpatient medical claim within 30 days of the date of the procedure.
Patients were excluded if they had a diagnosis for a non-melanoma primary cancer occurring on, or during 180 days prior to the secondary malignant neoplasm date unless 1) the other primary cancer was skin cancer or a hematologic malignancy OR 2) the patient had a claim for melanoma on the diagnosis date OR 3) the site of the reported other cancer was the same as the site of metastasis.
Since the study's intent was to evaluate a post-IPI period, patients were required to have a new initiation of IPI following the diagnosis of melanoma. The IPI completion date corresponded to the last observed IPI claim + 21 days. Additionally, patients received subsequent chemotherapy, targeted therapy, or immunotherapy after the IPI completion date (first claim set as index date). Patients were required to have at least 6 months of continuous enrollment with pharmacy benefits before the IPI completion date (baseline period), and patients under 18 were excluded from the study sample.
Study Measures and Statistical Analyses
Patient demographics were collected at index date, and clinical characteristics were measured throughout the baseline period. Beginning on the index date, patients were followed to measure the time to receipt of additional therapy after IPI, the number of and the specific therapies received in the first regimen after IPI, and the time to discontinuation (≥60-day gap in therapy). Univariate descriptive statistics were used to analyze the study measures, and for all time-to-event outcomes, censoring of person time occurred at the earliest of inpatient death, end All cost analyses were evaluated per-patient per-month (PPPM) due to variable length of follow-up. PPPM healthcare costs were computed as (total healthcare costs/total follow-up) × 30. PPPM all-cause total healthcare costs while on active treatment were evaluated from the index date until a 60-day gap in treatment, inpatient death, end of insurance enrollment, or September 30, 2013 (follow-up period). Healthcare costs include the gross covered payments for the service or product. PPPM all-cause total healthcare costs were subdivided into melanoma systemic therapy drug costs (office-administered and pharmacy costs), medical claims with a diagnosis of melanoma, and all other (non-specified) utilization. Costs and utilization were measured for inpatient (hospitalizations), outpatient (emergency department visits, outpatient physician office visits, radiation services, outpatient surgical procedures, and outpatient services), pharmacy costs (excluding systemic therapy for advanced melanoma), and pharmacy and medical costs for systemic therapy for advanced melanoma, including administration of infused medications.
Results
Among a total of 4,522 patients with advanced melanoma and no other primacy cancer, 640 had an IPI claim following their diagnosis, and 361 patients met continuous enrollment and age requirements. (Figure 2(a) ). Overall, 77.5% of patients received a single agent in their first regimen post-IPI, 18.9% received two agents, and 3.6% received three or more agents (Figure 2(b) ). A total of 22 (19.8%) patients received carboplatin and paclitaxel with or without other agents. Additionally, a total of 7 (6.3%) patients discontinued therapy post-IPI over a mean [ Figure 3(a) displays the components of the PPPM all-cause total healthcare costs while on active treatment related to melanoma drugs, medical claims with a diagnosis of melanoma, and other (non-specified) utilization. During median post-index follow-up of 130 days, patients incurred mean [standard deviation, SD] PPPM allcause total healthcare costs of $20,383 [$18,988], of which 24% was related to melanoma drug costs, 29% was related to medical claims with a diagnosis of melanoma, and 48% was related to other (non-specified) utilization. Figure 3(b) displays the PPPM all-cause total healthcare costs incurred for the first regimen post-IPI during follow-up, specifically among the four systemic therapies that were used most commonly after IPI completion; these therapies could be used as single agent or in combination with one another, meaning the groups were not mutually exclusive. Whereas melanoma drug costs were numerically lowest for paclitaxel and carboplatin, other (nonspecified) costs associated with the use of these therapies were numerically greatest. The proportion of PPPM all-cause total healthcare costs related to other (non-specified) utilization ranged from 36% for patients treated with vemurafenib to 74% for patients treated with carboplatin.
Discussion
One third of study patients were treated following initial IPI use. This highlights the unmet need after IPI therapy during the time the study was conducted (2011) (2012) (2013) . Treatment for advanced melanoma after IPI has since evolved, but there is little research in this post-IPI setting to illustrate the best treatment for patients following progression while treated with IPI. Since the conduct of our study, several treatment options have been approved by the FDA, including additional treatments that inhibit mutated BRAF proteins in the mitogen activated protein kinase (MAPK) pathway and the MEK protein [10] as well as immune checkpoint blocking agents such as PD-1 and PD-L1 antibodies [11] . Dabrafenib [12] and trametinib [13] , manufactured by GlaxoSmithKline, were approved first as single agents in May 2013 and then in combination [14] in January 2014, for patients with unresectable or metastatic melanoma with a BRAF V600E or V600K mutation. Dabrafenib and trametinib were offered in capsule and tablet form, respectively. Later in September 2014, pembrolizumab [15] , manufactured by Merck, was approved in this same unresectable or metastatic melanoma population, following progression with IPI treatment, and a BRAF inhibitor if BRAF V600 mutation positive. Most recently, nivolumab [16] , manufactured by BristolMyers Squibb, was approved for patients with unresectable or metastatic melanoma who present with disease progression following treatment with IPI and, if BRAF V600 mutation positive, a BRAF inhibitor. Ongoing studies have demonstrated the benefit of the PD-1 and PD-L1 class in the treatment-naïve setting and FDA approval is pending. Our study provides valuable information with regards to the post-IPI setting, but it will be important to revisit this study during the time period when these additional therapies become available to assess how treatment patterns and outcomes evolve for advanced melanoma.
The study results also illustrate the substantial and variable cost burden that advanced melanoma imposes. In our study, all-cause PPPM costs were mean [SD] $20,383 [$18,988] . This compares to mean [SD] PPPM costs of $10,999 [$11,319] and $15,762 [$12,377] for patients with 1 to 3 and 4 or more metastases, respectively [17] . According to Guy et al. [18] , the annual cost of treating melanoma in the U.S. is $3.3 billion.
Limitations
The study had limitations inherent with administrative claims databases. Administrative claims data are Figure 3 . PPPM all-cause total healthcare costs incurred during follow-up. generated for the purposes of provider reimbursement and not for analysis. As such, information derived from medical billing codes may be subject to omissions or errors and may lead to measurement error. This study represents the real-world practice patterns for advanced melanoma patients, but is limited to individuals with employer-sponsored health coverage and/or Medicare supplemental coverage. Consequently, findings from this study may not be representative of the entire U.S.
Patients were followed for as long as possible after treatment with IPI to ascertain study outcomes, but patients may be lost to follow-up when they switch employers. It is also unknown whether patients who were observed to receive no additional therapy post-IPI went on to receive therapy after the window of observation. Analyses of data with longer follow-up and larger samples are warranted.
Aside from database limitations, the identification of claims for IPI delivered in the outpatient setting was subject to the availability of a unique J code for the medication. In the time period between the introduction of IPI and the creation of a unique code, J9999 was used to identify these claims. As such, some patients may have incorrectly been assigned as having received IPI treatment. In addition, the specific line of therapy to which the use of IPI, or subsequent therapy post-IPI, corresponded has not been established. The category of other (non-specified) utilization may represent some services that were provided for the care of advanced melanoma but not coded as such. Finally, the study results are reflective of the period between April 2011 and September 2013, a time since which treatment patterns and healthcare costs have changed.
Conclusions
The treatment of patients with advanced melanoma was considerably altered with the approval of IPI, which has become a mainstream first-line therapy. Although recently approved agents for patients with advanced melanoma may provide additional benefit, many physicians revert to treating patients with traditional chemotherapies, especially for patients who progress. These data highlight the limited use and lack of a standard of care in the post-IPI setting prior to September 2013 and demonstrate a degree of unmet need that existed for patients who exhausted their options.
When considering the totality of care, including management beyond systemic therapy alone, the costs of U.S. patients with advanced melanoma after being treated with IPI were substantial across all commonly used agents. Considering the long-term costs when determining treatment for advanced melanoma patients may have important economic ramifications. This real-world treatment analysis should be revisited when longer-term data are available following IPI to assess the continually changing landscape and entry of newer treatment options.
